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SUMMARY 



An invent igat ion was made of the effects of 0,20— 
ail eroii— chord tabs on an NACA 66,2—216 (a = 0.6) airfoil 
equipped with a 0 . 20— airf o il— chord plain sealed aileron,, 
The aileron profiles considered consisted of one profile 
conforr.in,^ to the nornal NACA 66,2—216 (a = 0.6) ordinates 
a.nd a profile consisting of s tr aight— 1 ine surfaces from the 
trailing edge to the hinge— line ordinates of the aileron. 

Basic data are presented fron which the effect of tabs 
can Tdg calculated for specific cases. The data are suf- 
ficient for the solution of jjrohlens of fixed tabs with a 
differential linkage, as well as sinple and spr ing—1 inked 
balancing tabs * 



INTRODUCTION 



With every increase in size and speed of airplanes, 
the problo2:i oi attaining adequate lateral control without 
excessive control forces becones less anenable to solution 
by sinple aer odyna:.iic balancing methods. Of the various 
aethods of aerodjnianic balance available, one of the r.ost 
efficient is the sealed internal no-se balance. However, 
sufficient lightness of control frequently cannot be at- 
tained by the use of an internal nose balance alone. The 
necessary balance may be so large that the required con- 
trol-surface deflection cannot be obtained, or structural 
requirements of the main surfaces may be such that adequate 
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"balance cannot "bo incorporated in the design. The aerodynamic 
effect:^ of adjusting aileron hinge moments by alterations to 
the aiioron profile "by thinning and thickening the control 
surfacG have "been shov/n in reference 1, and in reference 2 
hy thickening and heveling the control-surface trailing edge. 
Results of tests reported in references 3 to 5 have shov/n 
tahs to he 'in effective means of adjusting hinge— moment 
characteristics when used as fixed tabs in conjunction v/ith 
a differential linkage, or as simple or spr ing—1 inked "bal- 
ancing taos * 

The purpose of the tests reported herein was to obtain 
quantitative data on the effect of tabs on the characteris- 
tics of ailerons on a low— drag airfoil in two— d im ens ional 
flow. 

The tests were made in the 7— by 10— foot v/ind tunnel at 
Ames Aeronautical Laboratoryc 



The coefficients used in the presentation of results 
follows 



COEFFICIENTS AND CORRECTIONS 



airfoil section lift coefficient (l/qc) 



Cm 



airfoil section i t ch ing-mom ent coefficient (m/qc^) 



a 



aileron section hinge— moment coefficient (ha/qca^) 




tab section hinge— moment coefficient {Ii^/qc^^) 



internal static pressure at aileron nose divided by 
dynamic pressure (fig.> l) 



Ac I 



increment of Cj due to deflecting the aileron from 
ncutr a-1 



AP/q 



increment of prcr,sure coefficient across aileron nose 
seal (pressure below seal minus pressure above 
seal divided by dynamic pressure; 
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v/hor e 

I airfoil section lift 

m airfoil sectiorx pitching monent about quarter chord of 
airfoil 

ha airfoil section hinge mcment 

h^ tah section hinge monent 

c chord of airfoil v/ith si'.rfaces neutral 

Ca chord of aileron aft of aileron hinge line 

c^ chord of tah aft of ta"b hinge lino 

q dynajnic pressure of air strcaci l^P^ ! 

V free— stream velocity 

In addition to the preceding, the folloving synibols 
are employed^ 

Ojq angle of attack f''*>r airfoil of infinite aspect ratio 

5a aileron deflection with respect to the airfoil 

6 tab deflection with respect to the aileron 

The lift coefficients have been corrected for tunnel- 
wall effects, A comparison of force— test and pressure- 
distribution measurements of section lift coefficient and 
section p it ch ing— mom ent coefficient indicated that the end 
plates had no effect on the coefficients with the surfaces 
neutral. LTo corrections have been applied to section hinge- 
moment coefficients and no end— plate correction has been 
applied to Ac^^, Because of possible tip losses, it is 
believed that the measured aileron effectiveness is slightly 
low and rates of roll computed from these data will be con— 
servativoo 3y comparison of these data with section data 
on a similar airfoil (reference 5), it is estimated that the 
decrease in the value of Acj due to this effect is not 
more than 12 percontc 
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MODEL AND APPARATUS 



The airfoil w.*is constructed of laminated mahogany to 
the NACA G6j3-216 (a = 0^6) profile of 4-~f.oat chord and 5- 
foot span. The airfoil ordinates are given in table I. 
The ailerons were constructed of laminated mahogany and had 
a plain radiUG nose and a nose-gap seal of dental rubber 
dam. The aileron ordinates are given in table II. The ordi- 
nates of the normal-profile aileron are the same as the 
corresponding; ordinates of the NACA 66,2—216 (a = 0.6) air- 
foil, and the ordinates of the straight-sided profile are 
the same as those of the s t r a if^h-s ided aileron of reference 1. 
The full-span tabs wore constructed of steel in four sections 
to minimir;o the sranwiso bonding. The tabs had . a radius nose 
and an \inr.ealed nose gap of 0,0003c. The ordinates of the 
tabs are the same as the corresponding ordinates of the ailer- 
ons. ■ Details of the ailerons and tabs are shown in figures 
1 and 2. 



TEST INSTALLATION 



The airfoil was mounted vertically in the test section 
of the AAL 7- by 10-foot wind tunnel No. 1 as shown in the 
photograph of fi^^ure 3» End plates were attached to the 
5-foot-Gpan section. Fairings of the same airfoil section 
as the \/ing were fastened to the tunnel floor and ceiling 
turntables and were used to shield the connections between 
the model and balance frame. These fairings were not 
equipped with ailerons. Provisions were made for changing 
the an/--lo of attack and the aileron angle while the tunnel 
was in^'operat ion. Aileron and tab hinge moments were meas- 
ured by means of electrical resistance-type strain gages 
which were mounted on members restraining the torque tubes 
of the surfaces from rotationc 



TESTS 



Eor each of the two aileron profiles, aileron character- 
istics were obtained at a Reynolds number of 9,000,000 for^ 
angles of attack of -4,13^ -2.05^ 0.01^ 2,07 and 4 14 . 
These data covered a range of aileron angles of ±20 cand a 
range of tab angles of ±25^. Similar data were obtained at 
rnglos of attack of 8.27^ and 12.37° at test Reynolds numbers 
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of 6,700,000 and 5,500,000, respectively. With the aileron 
neutral, section characteristics v/ere olDtained for tal> de- 
flections frciii -25^ to 25° at a Reynolds niimher of 8,200,000. 



RESULTS 



The hasic section data, with aileron a.nd tah deflected 
and neutral, are presented in fi^-uros 4 to 11 for the normal- 
profile aileron and in figures 12 to 19 for the strai£:ht~- 
sided X'^oiile ailerono Those data may be utilized to predict 
the section characteristics of ailerons with internal nose 
"balance "by moans of the equa.tion 

(c^)b = + AP/q 

wher e 

( c;^ )3 aileron section hinge— moment coefficient of aileron 
v/ith sealed internal nose "balance 

c^ aileron section hinge— moment ccefficient of plain 
sealed aileron 

B nose balance (expressed as fraction of Ca) 

E nose radius of plain aileron (expressed as fraction 

of Ca ) 



While the "basic data arc useful for purposes of design, 
the prediction and comparison of the effects of tabs may bo 
conveniently demonstrated by means of section parameters ^ 
These section parameters as taken from the data contained 
herein are summarized in table III. 



Ames 



Aeronautical Laboratory, 
national Advisory Committee 
lioffett Field; Calif. 



for Aeronautics, 
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TABLE I.- NACA 66,2-216 (a = 0.6) AIRFOIL 
(stations and ordinates are given in 
percent of the airfoil chord) 





Upper 


surface 


Lower 


surface 


CO 


Station 


Ordinate 


Station 


Ordinate 


r 


0 

.371 
.607 
1.091 
2.317 
^.79^^ 
7.2S4 

9.731 
14.7SS 
19.g06 
24.332 
29.362 
34.397 
39.936 
44.973 
50.023 

55.073 
6o.i4i 

65.191 
70.193 
75.131 
30. i4g 
35.106 
90.061 
95.021 
100 


0 

1.242 
1.501 
1.336 
2.615 
3.701 
4.563 
5.303 
6.500 
7.423 

3. 155 
3.703 
9.093 
9.356 
9.471 
9.431 
9.224 
3,300 
3.034 
7.063 
5.339 
4.535 
3.265 
1.937 
.762 

0 


0 

.629 

.S93 
1.409 
2.6S3 
5.206 
7.716 
10.219 
15.212 
20,194 
25.16s 
30.13s 
35.103 
ij-0.064 
45.022 

i+9.977 

54 927 

59.S59 
64.309 
69.302 
74.S19 
79.352 
34.394 

S9.939 
94.979 

100 


0 

-1,112 

-i.6og 
-2.127 
-2.g69 
-3.441 

-3.93^ 
-4.702 
-5.290 
-5.741 
-6.030 
-6.312 
-6.462 
-6 521 
-6.433 

9* •'c^° 
-6.043 

-5.574 

-4.366 

-I+.037 

-3.107 

-2.177 

-1.235 

-.432 

0 




Leading-edge 


radius: I.575 


Trailing-edge 


radius: O.O625 



TABLE II.- ORDINATES OF THE 0.20c AILERONS 
USED ON THE NACA 66,2-2l6 (a = 0.6) AIRFOIL 



Wing 
Station 


Normal 
profile 


straight- 
sided 
profile 




Upper 


Lower 


Upper 


Lower 


31.25 

35.42 
37.50 
39.5s 
91.67 
93.75 
95. S3 
97.92 
100 


4.27 

3.77 
3.21 
2.65 
2.03 
1.5^ 
1.06 

.63 
.31 

0 


-2. 35 
-2.45 
-2.07 
-1.67 
-1.23 
-.91 

-.52 

-.33 
-.17 

0 


4.27 

3. SO 

3.33 
2.33 
2.40 

m 

.93 

.51 

0 


-2.35 

-2.55 
-2. 24 

-1.93 

-1.61 
-1.30 

-.99 
-.63 

-.36 

0 


Nose radius: 3.75 
Trailing-edge radius: 


0.0625 
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TABLE III.- SECTION PARAMETERS OF THE NACA 66,2-2l6 
(a = 0.6) AIRFOIL EQUIPPED WITH 0.20c PLAIN SEALED 
AILERONS AND 0.20oa PLAIN UNSEALED TABS 



Parameter 


Reynolds 


Normal 

nfnf Hp 


straight- 
elded 
proi ixe 


y All . 




o.l^-055 


0.377 






i^l/ta)^^ = 6t = 00 


S, 200, 000 


.1053 


.0995 


(6ci/d6a)^^ = 6t = 00 


9,000,000 


.0i^27 


.0375 


^^^l/^^t)a^ = 6a = 00 


9,000,000 


.0105 


.0085 


(6cha/^)6^ = 5^ = qO 


g , 200 , 000 


-.00l|.g 


.0017 


(dcha/d6a)ao = 6t = OO 


9,000,000 


-.0096 


-.0050 


(^Cha/66t)ao = 6a = 0° 


9,000,000 


-.0085 


-.0075 


(6cht/da)6^ = 5^ = qo 


S, 200,000 


-.0028 


.0024- 


(6°ht/66a)aQ = 6t = 0° 


9,000,000 


-.ooi|.4- 


.0010 


<^Oht/^St)ao = 6a = 00 


9,000,000 . 


-.0074- 


-.0059 


^ ^a = 5^ = 00 

^) 

« ao = 6t = oO 


3,200,000 
9,000,000 


.009 
.06 


.009 
.06 


C6APZa) 

^ ^^t \ = 6a = 0° 


9,000,000 


.0055 


.003 
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Figure 3.- The NACA 66,2-316 (a = 0.6) airfoil mounted 
in the 7- by 10-foot wind tunnel. 
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O/^ /VO^yt^^Z ^^^^/^ /^///^ /9 0,^0C^ /=>^/9yy^ /'y^Sj^r ^-<>^^ 



A-/8 



1.6 




coefficient c^^ 

Figure 11.- Section aerodynamic characteristics of an NACA 66,2-216 (a ^ .6) airfoil equipped with a .20-chord sealed-^ 
gap plain aileron of normal profile with a .20ca plain inset tab; q = 150 Ib/sq ft, R = 8.200.000, aileron* 
undeflected^ ^ 
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c V u- '^^ r^^^. Aileron secfion hinqe -2 -/ 0 .1 AP/a across 
oecnon p,rcn,ng moment coefficient 

momeni coefficieni. Ca fob section hinge moment nose sea/ 

coefficient c^ 



Figure 19.- Section aerodynamic characteristics of an NACA 66,2-216 (a = .6) airfoil equipped with a .20-chord sealed- 
gap plain aileron of straight-sided profile with a .20ca plain inset tab; q = 150 Ib/sq ft, R = 8.200 000 
aileron undeflected. > > > 



